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5 m^^m 
10 nmim 

^m:=iA<Dmm^^y^:^\ts ::fJ^^m 30~35% w/v (weight 
yvo 1 ume) (0^Jc:i5'>/^ir®. I&M. «SM. M^tD^t'^^rfA^Sra-^-g- 

mmt^-^m^j^n (iv) ^>^'^^m6mmmxmmhrc(o%. t;i/;^utms 
rs::;^!* mm 2003-2030 i^^^8#M) d^'^enx^^^o b*^L;a:3&« 
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e>. (i). (ii) *5<ktjf (iii) •v\,t^>n^n^m^vrczfA\z}t. ^m^tsiK) 
n^mmm^m^^^-:^m ao ^^xs (iv) t«> ^>/^i7m^mm^::fAib^ 
5 ^^m*t3^#'rsrfAU*^#e>ti5^36^ofc. $e>fc^ (iv) t«;$'>/'^^k<& 

(ill) T«d'Aiia-?^M©:$'>/1i7^^^i-j§?t"'5ili/?>^T#-5;5i^. ^©^S© 
20 ±IB (ii) <^:a^J*T«iS'>A°i7K^^m0^#^Mtt^2:^^tT#?^Vio 

^BVittib> mzmmmmvtz. mmw-Q - 5 e 9 0 2Wikm^m)o 't(D:^m 
n^nrc'^y^y^7.\t^>/'^^nf)^mizJ^-$nx^^^(DXs z.(D{&.^>n^ 
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X\tf3:f)^-oft (R. HayakawaS., Environ. Dermato 

1 A. 1 0 (1 9 9 9)). M\z. ^>/^^m^mm^^mt^rcib\z 
10 i:fsi^-^mmmm.x^f3i\r\ 

15 ^mmm\zm:^\f^T^(Dmmmm^f^vrc^f^::fA^mm-r^z.tL\z$>^o 
la 1 ^^ziix^y'y^7.\z^n^^>^'^^n(D^^^mBMir^mmmx;^ 

25 ia2«. ^Ml:fe.J;tJf2"r#e)tlfe2^!^ig©zfA®SDS-PAGE©JH!l^ 
EI 3 iA:mm 1 Xn e> tDit^^rf a ©SDS-PAGE (Diftj^^mS:^ bT 
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m 4 m^m s ~ s T#e.nfc2{5:^Bj®^^rfA0 sds-page (dm^ 

m 5 ^|g«SJ 9 T# &n;/S:2^^BJ©5c^rf A© S D S - P A G E OMMmM 
5 BI6«. 2[5:^HJ®5^^rfA immmi 5. 16). (Jt|j^M6) :fe<^ 

10 2p:STg§gicJ:nt^. 2^I^BJ©±SBg6<)^J;miJ;t«. mi\Z. SDS-PAGE 

14. 3 1. 4 5 ya^D a.<on>Y'^^^^n^^>nifw^mm.mz-^ 

SIT. ^mmiz-zti^^xmrn-r^o :^^m<D^^zfA(Dnmmiz^\^^xm. 
20 m-t^o 

>^^mzm\^xmm::fA^7Kmtr)V:fy u $>^\^^t^mf^mm<D7mmxmw'r^ 
Ms :^^:t>^-mmBnu 0^:t>$^mmmmf)m^nxl^^^i!)t, ^(Dm^iz\t 
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^^-r :t JcU^/^fcttT-^t >^®^'l4]^J*ffl ViSjg^^;J>^fe^, 

U :t^->T;i'^ 1/ >'T;1/^;1/x--7^;1', ti? u rt^v-r;!/^ w >t;i^^;v 3:x;i/ 

X y -;i/x-T-;v. u i^rjv^ i/ > h u x 5=- 1/ Mb x y -ji/x— 
10 £j&twe.ns. 

yntri/>i^Un-;K ^^Uiz:UX v;Hfb-;K ->^^d-x, ^>iS'XU 

2 ~ 1 2 ©iHii6T;i/3— ;i/<Dii&jismxx7^;v^;/S:«5j?u ^^i^Tyv^vy^s^y 

i^i^u-fe^<h\ #Ui^u-feu>flii»^xx^;i/5S:f;&t^frfe.n§. ^in 
mmxx5^;K #U:^4^->T;w=^i/>i^'j-feU>flgJtel^x;j^5=-;w;&to 

Tji/h-x, — X. #i^cDlil»mx;^5=•J^}':J:^J{>t^^fe,n^ c:ne>® 
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15 1 o~2 o(Dts)v^>mmxdb^o mMm'^Qimx\%^>ni;m.^iixs^mm 

m(D^t\yX\ts (Na. K. Ca. Mg, Zn^), 7'>^xr:^. 7 

25 a>ig (bUxa'y~;i/75>:^^) d^^tfenSo 

U>mx;^T-;wi^l?-Mfi§tt5^JtbT«. 0i|^«T;mr;i/U >mx;^7";i/j^> 

UT^^M:^ (Na. K, Ca. Mg, Zn?S:£). T>^XT1£, Ta>tg 
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±m(Dtn^^Mm\^M<DmmM\t. dtA'^^y^xiznvxo. oi~o. 
7% (w/v) (Dti^-emjn-rsw»sb<. $^(c$f*bVi^ffljio. os 

z. t\t;^mm-^m<D 1 -oom^x^ D . :km^m\zm'r^:^m'v;&^ i o 

TKmibT;!^:^/ U -h^M^I^^JT^MbMSt-^^^^^f A^^^;/ i^Xtt. fff^JS: 
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5^1^>T^». 5i^U (2-fcHn^v'yDtf;v-N— >^5^;i/T>^:n':7A;5?n 
UK). >i?U (2-kHD4^->:/nt!;P-l, 1 -N— >?^5^;|/T>^n'>A^ 
□ UH)> 7}?U [N— (v'p^^^JWT^yp^^^;!/) Ti^U;i/T5H]. 2}^U (2-tf 

15 ^DUH), i^^) (N. N— e^pt5";i/T^/X5";M^i^U 3l^U [N— 
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^a'7-:«7-SfflViT#6>nfcSDS-PAGE (SDS-P o 1 y a c r y 1 
5 amid Gel E I e c t t o Dh o r e s i sfi) (D^^MBtMltVX^ 
m-r^tl4. 3 1, 4 5 kDaOn^FlCj^O^^^n^^^^rfAtC^^CDiS' 

2fi:^BJ<D5c^:=fAf*0. 0 2~0. 3 Oa»%(D^^a^#t" 'Sd^^^T^ 

mmvrc^m^^mms.m-^nrc^f^:iAiz\t. s d s - p AGEi*©^*ifT«> 

itm-^t. :^mm(D^m:=rA\t. SDS-PAGE^T^|fr-r^<i:> 14> 3 
25 "^Tc. :^^^m(Dm^\Z^nU. SDS-PAGE^feTl 4, 3 1*3j:tK4 5 

k D a ©n> HT«i#jt$nsi5' >Ai7Mti I u)v^-<ommmm.'v^^ d <t 
/^^'f^Bj^nxvi^sd^jo^e*, ^m^#ii>#<"g-WbTViTfe, sds-page 

m'^6it^\^fz.h^\Z 14, 3 1, 4 5 kD a<D;t> H;i>^IIM6*lJc:;^Vi5€^ifAT 
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mm<07m.it7 )vti u ^m\^^t^^>imw,t^>n^m.(D^^mmmf^\zK'^ 
\m^mmm\zm^jm^nm^mit'r^ z.}i\zi^^z.ii ^mm vtao u-d x. 
:^^m<D^i^::iA\t.^(Dm^mm^mm\zmm-^ t ^ < . ^i^:^^^^-^ 
i77.\z<^m(D^>/^^m:i^^w>/^^m^mm^mMmz^^i.x^^f3:\^>}^ 
10 x^mx^^o 

p ax$>r). mmmz,i^iom.t^>/^^vrci^m:iAyy^y^7.7^^^^^iyrcmn 

15 «Jat^O. l~3MPaT«bSo 

z.(Drctt). %M(D^m::iJ^<Di3j;ij:\z^^^x>S!:m<D;'^>/vj--fsiE^m^^rcmw. 

«9oyD-fexj&^. mM>iz^^x\tmmx^^(Dx. mjL:^)v=^-m\z^mzmm 

^^m(D^m::iJ^0iammm-mMo:>^i^:iAtltii^VXf3i/u ^mt>^ z. 

NBR. BR, IR, EPR, EPDM, I I R^*«#frf 5)^1^0 Z.n^(DdtA 

^*fe«-€-tm±o{a2r^b, ^>immf)^::fjy.m.^m<Disammmzmm^^rz. 
25 xtsii^-^z-tfi^m-^nfto 

iz^-DX'^^nrc^ >^mmi>rc^m::fAu. ^^xm^rcmnrcm^ 
iz^^. ^(D'iia,(DziiM^n,E(n>mmz^%\z-mmx^^. 
^x^\zmmm^mix. ■^%^^^^\z^\^<mmt^i)\ immtuhii^z. 
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mmmi 

5 3 0%DRC (Dry Rubber C o n t e n t ) ^Cii^bfcffP^T^ 
^yX (FL- 1 a t e xi:B§fB) 1. 9L(C. N aOH 3 0 g $-g-t^7K^^l 
0 Oral :=.:t>m^mm^m'V$>^T T oton XlOOCiso- 
Octylphenoxypolyethoxyethanol, BDH Laboratory Supplier, Co.) 4e^lJaX 
T7 O-C-eSBtPfl^MbSJS^ffJ^ofeo Z:(D^^y^7.mm\Z0. 0 2 5% 
10 (w/v) OTn:t>Mli53!5^^M. Floerger^SOOml iaXrc^. 
•^^\Z5% (w/v) (D^^^mi. 5L<&in;lTrfA^^@U ^@%«r7jci5febT 

2 B^i5 ot:7?$£Mb;fco n&nrc^>it^f^ziA (sap-nr- 1 timm 

TO. 2-0. 3mm(7)j¥$®->-htc:/P'Xbfeo dCDMS bifed'A^fflJt 
15 (2 X 1 0 X 1mm) iC^E^b. 2 % (w/v) S D S (S o d i um d o d e 

cyl sulfate) 1 0ml ^m^^T^M.-V2 4mmmi^hf3i'^^^mm^ 

2!mn-orzo mmm^:^yh:ty^m3. 5kDa®MT2 4^P^Mtfrbfc, 
I1®?K3 0 Om nci 0%hU!5'Dng^m«r"^trT-feb>l 0 Om 1 SrmTrJ' 

20 ^^SSOmU^^^^U 6fg©M(C^S^-r^iftffi?^a:bfeo ^in^SDS-P 
AGE (P o 1 y a c r y 1 am i d gel E 1 e c t r o p h o r e s i 
s)$ffiViTiaij£bfe, 
C:(D'b(D©SDS-PAGE(D^:^<lrgI2(c:^bfeo BI24'x 1 J^^^^^S 

2«iiig^ji (SAP-NR- 1), 3\tmmm2 (sap-nr- 

25 1-1)^ 4fSilTfi^^5=-'>^;^©-fe^A*fttH<^T*-&o 

Jl®ai^TttS AP-NR- 1 ttrfA4'®^>>'1i'Hfci|^WCDA*>HS:^$t'. 
^^=fra/&^0. 1 3 3%*'5lCt>;^)^/5^t>e.'rSDS-PAGE?*JCJ;^ 1 4. 
3 1. 4 5 kDaO>'1>K^^-ri$'>/ti^M^'^*bTVi75:Viil<i:5i>t^e,)&^^:}^ 
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-FAGEmom^h'^tD'itXmlyrc. 14. 3 1, 4 5 kD a<Dn> H:^>tBJ|^ 

3 % (w/ v) ®N a oH7K^?^©^ic 1 . 5 mmmrnvfcm. mmm itmm 

0^#-ezKi5feU ^bfe. #e>n;^=fA (SAP-NR-l-l 

m^mm\t 0 . 025% <i:#N1^JC'(£Vi{itTa6tpfc, HJSM 1 i:|SI=m/^^#^S D 

10 s-PAGE^m^n^rcmM^m2iz^vrco ^(om^izhmf^<D:itr^i!)t^. 

SDS-PAGE?ij£^fc.k^ 1 4, 3 1, 4 5 kDa©yt>H^5^f ^>A^ 
ItWdl 

DRC 10%(Dmm^^yd7X2h\ZSDS 2 Og i:$7>A-iJ7^j5i^^^Ta5 
15 SAlcalase 2. OT (NOVO Nordisk B i o i n d u s 
try Co.) 0. 8 gmnXX^UXZ 4mmR}t^^n'Drco K]t^l^r:i'y'7- 
V^Ts^l 5, 0 0 0 r pmT3 0^>h^m\Z^^ & Oro^D-RC^O^m^t.^ 

?t^2imffofc. 

20 x^^t^o iKDwmx^Tc^-u^mmzmm'u. mmmitLnm^zvxsTiS-'p 

2micMcMlXtb^o 2\Z\t. 3 1, 4 5 kDaO;^>H*5J;tK2 1 kDa#3£ 

mmm 3 -^8 
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NaOHl%-^?^-l 


0.336 


mmm4 


NaOHl%-70'C-l Wm 


0.133 


MMm5 


NaOH2% - m.U- 


0.147 


mmme 


NaOH2% 25B#F^ 


0.08 


mmm? 


NaOH3%-70'C-l NfP^ 


0.100 




NaOH3% - 70X: - 


0.119 



5 m^nrczrA<DSDs-FAGEmM^mmmitmm<D^mzxn'Drcm^ 

M3~8T«b§, mmm3(D^^ (NaOHl%-^?t— I^F^D T11SDS- 

#■^2). 3 1, 4 5^0A'>H^mi:^<i:#«b;&^.io ^JSM 4 ~ 8 <^^#T«. 
10 14, 3 1> 4 5(DA>\^\t^'Drc<mtvr. Z.n^(D^>^t(D^WV^±iZ^ 

-ti'-. 2«|ISSM9-e^So J::<7)J;'5tc^St-ntf, :$'>/t^7M©#WJ5:n> 

mmi 0-12 

HJS^ai 1 tl^^tfc^SSbfeo Wmm'&mtX^X. Troton XlOOOf^ 
20 D 2 (D^^mtim Vifeo i^m^Vii'tlC^M^^cZJ^f A "bSDS-PAGE 
i!l^f;:<fcD 1 4, 3 1. 4 5 kDa<;DA'>K©^>A'i5^KSr#^b;a:Vie:i:;«>^t) 
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^2 







lOOprt) 


(%) 


14. 31, 45 






0. 3 


0. 145 




mmmii 




0. 3 


0. 168 




Mmmi2 




0. 4 


0. 173 





5 IIJI01I1 3~1 4:feckaJitii^J2-'4 

10 PNR) hmmo^^k^-vy^xhv-^o 

mm\'^FiT B I oTECK^i:<z)F I T K i t ^m^^Tcmm^MmM^ 
(EL I SA) \zJ:^i$^>n^M<D^¥T^ff'orco msizum^^vfco 



^3 







N(%) 


Hevbl 


HevbS 


Hevb5 


Hev b6.02 


Total 


mmmis 


ND 


ND 


ND 


ND 


ND 


0. 133 


^WJ14 


ND 


ND 


ND 


ND 


ND 


0. 035 




203 


104 


13 


247 


567 


0. 721 




ND 


ND 


ND 


14 


14 


0. 177 


imm4: 


ND 


ND 


ND 


1. 5 


1. 5 


0. 035 



15 (Hev bl:MW 14. 6 kDa.Hev b3:MW 22. 3 kDa, Hev b5:MW 17. 5 
kDa.Hev b6. 02:MW 4. 7 kDaf*-?:tl/^*ixRubber elongation factor. 
Small rubber particle protein. Acidic latex protein. Mature Heveini;!^ 
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•i)'>'f)V'vmsm0kmt.mmm i tmmi^^?>o mmm 1 4 \tmmm 1 3 ozia 

A77"iyi7;^<£M@bfe1t>:/;K JtlfeM3«i$'>/1i7M^^#m. Al c a 1 
ase 2. OT (NOVO Nordisk Bioindustry C 

o.) ^m\f^xmm^^yi77.^iimv:^^mmi^rcD->':f}\^. itiifeM4«tkiS! 

10 b^u->y;i/Tife§. 

^m«it«if«si2. 3, 4t%\z^>/'^^nf)mm^nrzit)i. mmmi s, 14 

mmmi 5~1 6:feJ:tj?Jt|!^J5'-6 
15 5\t3 0%DRC<Dmmy'ry^::^2-L^. NaOH3 0 gS^tTTK 

^?^10 0mK y:^:r>#®?g'l*5^jT2b^Tr i t onX-1 0 0. 4g$iJn 

HT©1% (w/v) x-T;Vv?3>^?gJc«m'rs:^feT^{bB&±^JSrminib;^« 

20 1 6 JillM^il 1 5(DyyC)VA^2% (w/ v ) N a O H7Jc^^^^c^m^ 1 

itmm 5 6 0 055^rf A rfj Mp°o ^ffl V^fc t> D , Jti^M 

6fliriP^^^::fA^5^yt5'X^#H»J©F 1 o e r g e r ii^mTJ^Hbife^c^ 
25 :^A<£ffiVifefe©Tfe§o 

7|ciin?5iE=fA:fea;t;fWrfA0#ii4tt Rubber Process Ana 
lyzer, RPA2 0 0 0 (Alpha Technology Co) (R 
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4 





;^7— 2K>:/^iyi^(CB) 


7}?>^^^iyi5^^.eb(no CB) 


Rubber 


100 


100 


CB 


35 




Sulfxar 


2 


2 


Stearic acid 


3 


3 


ZnO 


5 


5 


MBT 




1 


Antioxidant (6PPD) 


2 


2 



^MBT: 2-^Mz^h--<l^y^Ty—/\^(Mm&Tmi) 

6PPD:N- (1, 3-i>p<^/^:7'^/P) -N' -y=,^=^/U-p-Z7zt,^Ul^i?T^:^ 

10 



^5 













CBSB-^ 










Scorch time(t2) 


2. 09 


1. 40 


1. 23 


1. 13 


Cure time(t90) 


7. 30 


6. 07 


5. 37 


4. 48 


Tb 


21. 9 


23. 8 


21. 3 


24. 3 


Eb(%) 


580 


540 


530 


540 


M 100 (MPa) 


1. 30 


1. 43 


1. 40 


1. 43 


M 300 (MPa) 


5. 32 


7. 30 


7. 11 


7. 13 


M 500 (MPa) 


15. 2 


18. 6 


18. 6 


20. 5 


CBT^ib 










Scorch time (t 2) 


3. 04 


1. 35 


1. 20 


1. 05 


Cure time(t90) 


7. 27 


5. 09 


5. 09 


4. 24 


Tb 


16. 0 


15. 1 


8. 78 


14. 3 


Eb(%) 


830 


800 


680 


760 


M 100 (MPa) 


0. 50 


0. 52 


0. 53 


0. 56 


M 300 (MPa) 


1. 02 


1. 12 


1. 14 


1. 28 


M 500 (MPa) 


2. 03 


2. 34 


2. 78 


2. 44 
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mmu^mzfA (FNR). fSL^y/^^^nmrn^mr^^rcm^yn^M^^ziA 

5 (DPNR) tltmVT^mz/is-^lf^^if)^!!^!^;^:^)^ 

mmm i ? 

9Lfc. y::::t>MI^®?£14^jTa5-5To r i t onX- 1 0 0 4ga:NaO 
10 H3 0 g^^t^TK^Ml 0 0ml <£iB;17 O'CTS^F^SjSiJbT^Mb^KLab;^, 
e:o^5^^yi^X§il5:$H^^i^jF 1 o e r g e r t^-cmrnVfc^. 7K?5feb;feo 
#6nferfA<£0. 5% (w/v) SDS?&'^tr7jc^^4»{Cl% (w/v) CD 

?^ST:J>mbfcBHT (mitm±m iButylated hydroxy t 
oluene) tK^MJC 5 O^CT 2 4^r^M3tb;^c. i^-^:/;!/^ 5 0*0^2 41^ 
15 F^ISj^bfeo (-y-^yjl/SAP-H) 

Jl©J;"5lCbT#e.n;feSAP-H^Mfc2% (w/v) N a OH;icj^?g{C^ 
?aT2 4BfF^m«b7t^7K?5teb> SAP-H<i:|WIiltcmilb^^W«^Tfrf;^ 

t^>y;^ (sap-l) sf^mb;/^, 
^n-€^nou->:/;KD^^#fittsAP-H5i>to. 110%. sap-l;«»« 

20 0. 0 9 4%T^o;/to MtJ->-7';i/.tfc, SDS-PAGE?RiJ^tCj;«9 1 

4. 3 1. 4 5 kDaCD/t>H^^t"i$^>A'i^M«'^^nTVi;5:Vie:t<^?g^b 

MiJ->:/;i^*> TS3^6(Di2'&^:?^ (^-r-^;^?-;??:^^;^) tsbriso 
2 ^::7'^'> h VTmwm.0^m^i^mi^mm.m^^m^i^rco 
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^6 



NR 


50phr 


SBR1502 


70phr 


CBN660 


43phr 


Aromatic oil 


8phr 


ZnO 


4phr 


Stearic acid 


1. 5phr 


TMQ 


1. 5phr 


MBT 


0. 5phr 


TMTD 


Iphr 


Stolfer 


2. 5phr 



TMQ: Polymerized 2. 2. 4— trimethyl— dihydroquinoline(5&Bi&) 

5 TMTD : Av^;^/V7^K iMm^mm 



10 JPam^OllM ^TIB^ 7 (C^ bit . 



^7 





FNR 


SAP-H 


SAP-L 


Scorch time 


1. 50 


1. 45 


1. 40 


Cure time 


3. 42 


3. 30 


3. 14 


Tb(MPa) 


12. 59 


11. 49 


11. 87 


Eb(%) 


338 


323 


331 


lOOM(MPa) 


2. 58 


2. 38 


2. 41 


300M(MPa) 


9. 86 


8. 42 


10. 41 



m. 8 \z.\t. llP©ftM^^CDl&6<Jl4S(D ynamic properties) 
15 <h^j!^J^(A b r a s i o n r e s 1 s t a n c e)<£:^L/;to 
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8 





FNR 


SAP— H 


SAP— L 


Storage modulus 
E' (MPa) 


5. 172 


5. 080 


5 069 


Loss of modxilus 
(.MPa; 


0. 162 


0. 152 


0. 153 


Tan 6 


0. 031 


0. 030 


0. 030 


Heat bxiild up 

CC) 


8. 0 


9. 5 


9. 0 


Dynamic compression set 

(%) 


2. 7 


0. 8 


0 


Abrasion (cm^) 


0. 100 


0. 098 


0. 106 



5 ?^*3, ^4^. FNR«:7l/-/>'a.55i^::fA^5^^yt^X^T'feh>T^@b;^rf 
AT^So SAP-H. SAP-L<h%)^^rfA©SBRiPflmj5K<fei:|^^CDiD 
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if ^ 0) $S S 

1. SDS-PAGE^fetCckO 1 4. 3 1. 4 5 kD a<3DA> FT#^i^n^^ 

5 

2 . ^^«>^>t 0 . 0 2-0. 3 0 mmxxm^m^m i iciBmo^c^:^ Ao 

3. ^rfA©i^U->^S*«0. l*^e.3MPa (p^jtf/'^x:^;!/) T?£bSif^3g 

10 

5. {feOrfA^i^SBR. NBR. BR. I R. EPR. EPDMSTfctil I RT 

15 

6. m^^l<D^^rfA^ffiViTM3t$n;fe:$'-r-V. 
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200 

66 
45 

31 

21.5 
14.5 

6.5 
(kDa) 



03 

m 
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